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The Viscosity of Na2CO3 and K2CO 3 Aqueous Solutions 
in the Range 20-60~ 
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Results of new relative measurements of the density and viscosity of aqueous 
solutions of Na2CO 3 and KzCO 3 at atmospheric pressure are presented. The 
temperature ranged from 20 to 60~ and the composition ranged from pure 
water to near saturation. All the data have been correlated with the aid of 
double polynomials. Owing to some evidence of chemical attack of the borosili- 
cate viscometers, the accuracy of the viscosity measurements is estimated to be 
+ 1%, whereas that of density is estimated to be +_0.01%. 

KEY WORDS: aqueous solutions; density; potassium carbonate solutions; 
sodium carbonate solutions; viscosity. 

1. I N T R O D U C T I O N  

As a continuation of the cooperative effort maintained by the two authors, 
measurements have been performed of the viscosity and density of aqueous 
solutions of two highly corrosive salt solutions, namely, those of sodium 
and potassium carbonate (Na2CO 3 and K2CO3). The present measurements 
were performed in two high-precision capillary viscometers and were con- 
fined to the temperature range 20-60~ at atmospheric pressure. As a rule, 
we consider that the results of measurements in the capillary viscometer are 
more precise than those performed with the aid of our earlier oscillating- 
disk viscometer [1]. However, in the present case, we noticed a compara- 
tively large change in the instrument constant (0.77%), which was registered 
when calibration was performed in water before and after the capillary had 
been exposed to the corrosive influence of both solutions. For this reason, 
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we believe that the present measurements of viscosity also have an uncer- 
tainty of + 1%. 

The density was measured in a pycnometer  whose calibration re- 
mained virtually unaffected by the carbonates, even though the capillary as 
well as the pycnometer  were both made of borosilicate glass. For this 
reason, we estimate that the accuracy of the density determination was one 
of _+0.01%. 

2. P R O C E D U R E S  

Although measurements were performed in two capillary viscometers 
(Ostwald and Ubbelohde), we only quote those which were measured in the 
Ostwald viscometer. This is due to the fact that the two sets of measure- 
ments never differed by more than 0.05%. 

The instrument constant was measured with the aid of water [2] at 
three distinct times: before the start of the series (C1), at the completion of 
the measurements on sodium carbonate (C2), which occurred 1 month 
later, and after the completion of the measurements on potassium carbon- 
ate (C3) 2 further months later. The values thus obtained were 

C 1 = 5.8218 _ 0.0007 m m  2. s -2 ( la )  

C 2 = 5.8619 + 0.0009 mm 2 �9 s -2 ( lb )  

C a = 6.9069 _+ 0.0009 m m  2. s -2 ( lc)  

The difference C 2 - C 1 is 0.69% of C 1 and C a - C 2 is 0.77% of C 2. These 
increases are consistent with the supposition that the chemical attack of the 
borosilicate-glass capillary increased its diameter by 0.2%. The effect on the 
much larger inner dimensions of the pycnometer  was negligible. 

3. R E S U L T S  

The experimental results are given in Tables I - I I I .  Table I gives the 
reference values used in calibration [2], Table II  gives the data for NazCO3, 
and Table I I I  lists those for K2CO 3. Tables II  and I I I  contain data on the 
viscosity and density of the respective mixtures. The concentration, c, is 
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Table I. Reference Values of the Dynamic Viscosity, ~(T, 0), Density, p(T, 0), 
and Kinematic Viscosity, r (T,  0), of Water  at Selected Temperatures a 

i i  i i i i 

Temperature T (~ 

Property 20.00 25.00 30.00 40.00 50.00 60.00 

(mPa �9 s) 1.0020 0.8902 0~7973 0.6527 0.5471 0.4670 
p (kg. m -3) 998.204 997.045 995,647 992.216 988.036 983.199 
u (ram 2 �9 s -  1) 1.00380 0.89284 0.80079 0.65782 0.55372 0.47498 

i i i i | 

aHere the parentheses (T, 0) emphasize that the respective values are listed for pure water (i.e., 
zero concentration). Data  from ref. [2]. 

expressed in mol- kg- 1 and the entries indicate the relative values 

T~r = ~(r,c)/n(r,o) (2a) 

and 

Or = P ( T , c ) / p ( T , O )  �9 (2b) 

Here ~(T, O) and o ( T ,  O) denote the viscosity and density, respectively, of 
pure water at temperature T and atmospheric pressure, as listed in Table I. 

Table I1. Concentration, Relative Viscosity, T~r = ~/(T, c)/~I(T, 0), and 
Relative Density, Pr = o(T, c)/p(T, 0), of Na2CO 3 

Aqueous Solutions 

Concen- Rel. visc., 
tration, ~r; 

Soln. c rel. dens., 
no. (mol �9 kg-1)  Or 20.00 

Temperature, T (~ 

25.00 30.00 40.00 50.00 60.00 

1 0.3087 "r/~ 1.17546 1.17571 1.17564 1.17501 1.17386 1.17259 
0r 1.03312 1.03279 1.03254 1.03218 1.03197 1.03192 

2 0.635 t ~ 1.39731 1.39490 1.39194 1.38617 1.37969 1.37371 
P~ 1.06603 1.06548 1.06503 1.06438 1.06398 1.06387 

3 0.8636 7/r 1.58626 1.57937 1.57196 1.55831 1.54533 1.53412 
Pr 1.08804 1.08736 1.08679 1.08598 1.08551 1.08536 

4 1.1682 r/r 1.89366 1.8761 o 1.85934 1.8288 o 1.80323 1.78024 
0~ 1.11640 1.11556 1.11487 1.11387 1.11330 1.11311 

5 1.6103 ~ 2.47379 2.42689 2.38492 2.31292 2.25202 2.20089 
0r 1.15551 1,15451 1.15368 1.15247 t.15177 1.15158 

6 1.6892 vt~ 2.59443 2.5414 o 2.49526 2.41016 2.34332 2.28679 
0~ 1.16227 1.16124 1.16039 1.15914 1.15844 1.15822 

I i 
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Table III. Concentrations, Relative Viscosity, ~lr = (T,  O)/~7(T, 0), and 
Relative Density, Or = o(T, c ) / o (  T, 0) of K2CO 3 Aqueous Solutions 

Concen- Rel. visc., 

tration, ~r, Temperature, T (~ 
Soln. c tel. dens., 
no. (tool �9 k g -  I) Or 20.00 25.00 30.00 40.00 50.00 60.00 

I 0.0579 'r/r 1.02049 1.02163 1.02242 1,02375 1.02485 1.02489 
0r 1.00705 1.00700 1.00695 1.00689 1.00684 1.00687 

2 0.1157 r/r 1,03813 1.03955 1.04078 1.04301 1.04510 1.04602 
Dr 1.01403 1.01393 1.01385 1.01373 1.01366 1.01367 

3 0.2362 "qr 1"07327 1'07771 1"08053 1"08420 1"08790 1"09041 
Or 1.02821 1.02800 1.02785 1.02761 1.02750 1.02752 

4 0.4721 ~/r 1.14897 1.15544 1.16093 1.16939 1.17593 1.18155 
Or 1.05509 1.05472 1.05443 1.05402 1.05385 1.05387 

5 0.6081 ~r 1.19946 1.20382 1.21380 1.22481 1"23288 1.23932 
0r 1.07006 1.06644 1.06923 1.06872 1.06847 1.06851 

6 1.2368 T/,. 1.44835 1.46141 1.47287 1.49107 1.50497 1.51638 
O, 1.13536 1.13462 1.13403 1.13327 1.13294 1.13305 

7 2.8128 ~r 2.35118 2.36496 2.37725 2.39714 2.41055 2.42393 
0n 1.27426 1.27325 1.27247 1.27156 1.27140 1.27190 

8 3.3268 r/F 2.75365 2.76190 2.76763 2.77795 2.78182 2.78875 
Or 1.31312 1.31208 1.31129 1.31044 1.31036 1.31101 

9 4.7013 r/r 4.21279 4.18078 4.15008 4.09375 4.04892 4.01200 
Or 1.40480 1.40376 1.40299 1.40228 1.40324 1.40429 

10 5.1092 T/r 4.77189 4.71849 4.66354 4.57554 4.50029 4.43696 
Pr 1.42917 1.42811 1.42735 1.42670 1.42698 1.42813 

11 6.2530 ~/r 6.74826 6.58514 6.44658 6.19611 5.99961 5.84334 
0r 1.49026 1.48920 1.48852 1.48796 1.48845 1.48990 

12 7.6199 ~/r 10.18222 9.76696 9.41118 8.83264 8.38971 8.04115 
0r 1.55263 1.55163 1.55100 1.55070 1.55149 1.55329 

Table IV. Correlation Constants of Eqs. (3) and (4) for the Na2CO 3 Solutions a 

i 
Coeff. j 0 1 2 3 

0 1.0003 )< 103 1.1680 • 102 - 1.3388 • 10 1.8920 

1 7.8791 )< 10 -3 - 4.1783 • 10-~ 1.6629 • 10 ~ - 2.9461 • 10 -2  
2 - 5.9725 • 10 -3  4.2297 • 10 -3 - 1.7469 • 10 -3 2.2376 • 10 -4  
3 1.8208 • 10 .5  - 1.3323 • 10 -5 3.8772 • 10 -6  5.3628 • 10 -7  

fij 0 0.5007 1.2742 • 10- i 5.9738 x 10 -2  

1 2.0768 • 10 -3 - 1.5328 • 10 -3  3.2194 • 10 -3 
2 - 3.8591 • 10 -5 7.4601 x 10 -6  - 1.2467 • 10 -4  
3 2.2724 • 10 7 - 1.7752 • 10 -8 1.1191 • 10 -6  

i 

aNote that dnj = f3j =- O. 
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4. CORRELATIONS 

The data were correlated with the aid of the same type of equations as 
in ref. [1], namely, 

4 3 

o(T,c) -= p* E E dij(c/c*)i(t/T*) j" (3)  
i=o j=o 

Here o(T, c) denotes the density at atmospheric pressure and p*, c*, T* are 
the reference values given below. Similarly, 

3 3 
~lr = ~I(T,c)/B(T,O) = 1 + ~ ~ f j (c /c*) i+l ( t /T*)J ,  (4) 

i = 0 j = 0  

where ~/(T, c) is the viscosity at atmospheric pressure. 
It is seen that Eqs. (3) and (4) have been formulated so that the 

coefficients d,y and f j in Tables IV and V are dimensionless. The reference 
quantities have the values 

O* = 1 k g - m - 3  ~ 0.062431bm �9 ft -3 

c* = 1 tool.  kg -1 = 10-31bmol �9 lb - l  

T* = 1 K =  1.8R. 

The symbol t is defined as 

t = T -  2 7 3 . 1 5 K =  T -  459.67R. 

(5) 

(6) 

The numerical values of these reference quantities must be programmed 
according to the system of units preferred by the user. This mode of 
presentation has been chosen because it makes a change of units very 
simple in that only the constants p*, c*, and T* need to be adjusted. 

5. COMPARISONWITH PREVIOUS WORK 

The only data on the viscosity of the solution of the two carbonates 
that we are aware of are those of ref. [ 1 ]. The latter cover a wider range of 
pressures and temperatures, but in the overlapping field of states, the 
present values are considered more accurate. The comparison is made on 
the basis of the two correlations and is illustrated with the aid of Figs. 1-4. 
In these figures, the subscript [1] refers to the correlation given in ref. [1], 
and the subscript G K  to those of eqs. (3) and (4). The two correlations do 
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Fig. 1. Comparison of present results with those of previous work [1]. Density of Na2CO 3 
solutions: o, 20~ O, 40~ ~ ,  60~ 

not differ by more  than 2 1% at the highest concentrat ions  for Na2CO 3. 
However ,  the differences reach as m u c h  as + 3.5% for K2CO 2. The densi- 
ties agree within z 0 . 1 5 %  for Na2CO 3 and + 2 %  in the case of K2CO 3. 
These  discrepancies  are attributable to the effects of corrosion,  mi ld  ones  in 
the present measurements ,  more  severe ones  in ref. [1]. 
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r 

Fig. 2. Comparison of present results with those of previous work [1]. Viscosity of Na2CO 3 
solutions: e,  20oc ;  + ,  30oc ;  �9 4 0 o c ;  A ,  60~ 
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Fig. 3. Comparison of present results with those of previous work [1]. Density of K2CO 3 
solutions: e, 20~ O, 40~ A, 60~ 

o 
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~ ~ o 

-2 

0 1.0 2.0 
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Fig. 4. Comparison of present results with those of previous work [1]. Viscosity of KzCO 3 
solutions: e, 20~ O, 40~ A, 60~ 

ACKNOWLEDGMENTS 

The authors express their thanks to Dr. J. Fiszdon for his help in 
checking the numerical data and with the proof. The financial support was 
provided by the Scientific Affairs Division of NATO (Research Grant No. 
851) and the United States Geological Survey Grant 14-08-0001-G-342 to 
Brown University. Additional support was provided by DOE Grant DE- 
AC02-81ER 10811 to Brown University. 

REFERENCES 

1. R.L.  Correia, J. Kestin, and H. Ezzat Khalifa, J. Chem. Eng. Data 25:201 (1980). 
2. J. Kestin, M. Sokolov, and W. A. Wakeham, J. Phys. Chem. Ref. Data 7:941 (1978). 


